Nephrological reviews are usually accolades to progress in the field. Advances pertaining to renal structure and function, techniques to study them, and understanding renal disease and its treatment by dialysis and transplantation are examples. Unfortunately, the area of nephrology which relates to pregnancy has not advanced similarly and when clinicians are asked to advise whether or not women with kidney disease, a renal transplant or a history of previous pregnancies marred by severe hypertension, should conceive or if pregnant continue the gestation, it becomes obvious that data are scarce and opinions vary. This neglect is unfortunate as renal and hypertensive complications of pregnancy remain an important cause of morbidity and mortality in mother and fetus. This review focuses on (a) the renal changes which occur during normal pregnancy, stressing the relevance to clinical practice; (b) controversies surrounding some of the urinary tract problems encountered in pregnancy; (c) detection and management of chronic renal disease and the effect of pregnancy 'on remote prognosis; (d) the kidney in pre-eclampsia; (e) pregnancy in renal transplant and haemodialysis patients; and (f) acute renal failure in obstetric practice.
difficult to explain. The early rise would be consistent with hormonally-induced intravascular volume expansion, but the change is established long before the greatest volume increments have occurred and subsequently there is no further rise in renal haemodynamics when plasma volume further increases. Since GFR increases without substantial alterations in the production of creatinine and urea, the plasma levels of these solutes decrease ( Figure 3 ). Creatinine levels fall from a nonpregnant level of 73 umol/l to 65 umol/l in the first trimester, to 51 Jlmol!1 in the second trimester and to 47 umol/l in the third trimester (Kuhlback & Widholm 1966 , Davison & Hytten 1974 . Average plasma urea levels of 3.5, 3.3 and 3.1 mrnol/l in successive trimesters, rising to 4.3 mmol/l six weeks postpartum, have been described (Robertson & Cheyne 1972) . Cognisance of these physiological changes is important because values considered normal in non-pregnant women may reflect decreased renal function during pregnancy. Plasma levels of creatinine and urea exceeding 75 umol/l and 4.5 mmol/l respectively, should alert the clinician to investigate renal function further.
In late pregnancy ERPF decreases and although this has been ascribed to the effect of posture (Chesley & Sloan 1964) (GFR, glomerular filtration rate; PN" plasma sodium; P"sm' plasma osmolality; Ppr-plasma proteins; Palb' plasma albumin; Pcrea,' plasma creatinine ; pure.' plasma urea; NP, non-pregnant; 10-40, weeks of pregnancy) & Krantz 1958 , Dunlop 1976 . Recently it has been shown that if women are studied in lateral recumbency at the 29th and 39th week of pregnancy, a significant reduction in ERPF occurs, suggesting that the late pregnancy decrease cannot be attributed solely to the effect of posture (Ezimokhai et al. 1981) . The changes in GFR are less controversial. During the last 3 weeks of pregnancy creatinine clearance decreases , which is of considerable importance where the test is used in assessing high-risk pregnancies and where oestrogen output is 'corrected' for creatinine excretion.
Volume homeostasis and osmoregulation: Total body water increases in normal pregnancy by 6-8 litres, 4-6 litres of which are extracellular. Increments also occur in plasma volume (maximal during the second trimester, approaching 50%) and in fluid within the fetal and maternal interstitial spaces (greatest in late pregnancy). There is also a gradual cumulative retention of about 900 mmol of sodium, distributed between the products of conception and maternal extracellular space. These various alterations in maternal intravascular and interstitial spaces produce so-called 'physiological hypervolaemia', but maternal volume receptors sense these changes as normal. Consequently, when salt restriction or diuretic therapy limits this physiological expansion, the maternal response resembles that of saltdepleted, non-pregnant subjects.
Very early in pregnancy plasma osmolality decreases to a level about 10 mosmol/kg below the non-pregnant norm, and this can be accounted for by a concomitant fall in plasma sodium and associated anions. It might be expected that a pregnant woman would stop secreting antidiuretic hormone, arginine vasopressin (AVP), and be in a state of continuous diuresis, but this does not happen because the osmoreceptor system resets to accept and preserve the new low level of osmolality. There is no lag in the adjustment, and contrary to anecdotal clinical experience polyuria is not a feature of early pregnancy although frequency of micturition can occur at this time.
Renal handling of glucose: Excretion of glucose increases soon after conception and may be ten times greater than in the non-pregnant state (Davison & Hytten 1975) . The glycosuria varies markedly, both from day to day and within a 24-hour period, but the intermittency is not related to blood sugar concentrations or to the stage of pregnancy. Normal nonpregnant values are re-established within a week of delivery (Davison & Lovedale 1974) . Even though the striking increment in GFR might be regarded as the precipitant cause, there is also evidence that tubular reabsorption of glucose is less efficient ). There can be little doubt that glycosuria in pregnancy reflects altered renal function rather than abnormal carbohydrate metabolism, and testing random urine samples in pregnancy is both unrepresentative of the degree of glycosuria present and unhelpful in the diagnosis and control of diabetes.
Renal handling of uric acid: Serum uric acid concentration decreases by at least 25% during early pregnancy and this change reflects alterations in the fractional clearance of uric acid (uric-acid clearance -;-GFR), with a decrease in net tubular reabsorption (Dunlop & Davison 1977) . As pregnancy advances, the kidney appears to excrete a smaller proportion of the filtered uric acid load and this increase in net reabsorption is associated with an increase in serum uric acid concentration near term.
Serum levels and the renal reabsorption of uric acid are significantly higher in pregnancies complicated by pre-eclampsia or intrauterine growth retardation (Dunlop et al. 1978a, b) . Above .a critical serum level of 350~mol/l there is significant perinatal mortality in hypertensive patients (Redman et al. 1976) . Physiological variability, however, is such that concentrations below this value are of little prognostic significance (Dunlop & Davison 1978) and, furthermore, a single random measurement of serum level (Hill et al. 1977) , clearance (Chesley & Valenti 1958) or net reabsorption (Dunlop et al. 1978b ) is of no value. Serial measurements may be of value in monitoring progress in pre-eclampsia (Beilin et al. 1974) .
Other changes: Urinary protein excretion is increased so that proteinuria should not be considered abnormal until it exceeds 300 mg in 24 hours, and increasing protein excretion in women with known renal disease does not necessarily signify progression of the disease. Excretion of most amino acids and several water-soluble vitamins increases during pregnancy (Davison 1975 ) and these increments may be yet another fact in the enhanced susceptibility to urinary tract infection in pregnancy.
Blood pressure regulation
Mean blood pressure decreases early in pregnancy and, by the second trimester, diastolic levels are 10-15 mmHg lower than before the patient became pregnant (MacGillivray et al. 1969) . Blood pressure then increases slowly, approaching pre-pregnancy values shortly before delivery. Cardiac output increases dramatically in the first trimester and remains relatively constant thereafter. The decline in blood pressure must therefore be due to a marked decrease in peripheral vascular resistance, which is greatest in the uterine vasculature, the kidneys and the skin. The rise of blood pressure toward non-pregnant levels after the second trimester suggests that increasing vasoconstrictor tone is a feature of late normal pregnancy (Gant et al. 1980) : if the clinician is not aware of this pattern of change, diagnostic errors can occur.
Some controversial urinary tract problems in pregnancy Asymptomatic bacteriuria Asymptomatic or covert bacteriuria is a condition where true bacteriuria exists but where there are no symptoms or signs of acute urinary tract infection.
Diagnostic pitfalls: Pregnant women often complain of or will admit to symptoms of urgency, frequency, dysuria and nocturia, singly or in combination. These symptoms are not in themselves diagnostic of urinary tract infection and can be elicited from women with sterile urine.
The growth of bacteriuric culture of a urine specimen may represent either true bacteriuria (the multiplication of bacteriuria within the urinary tract) or contamination of the urine with urethral or perineal organisms at the time of collection. True bacteriuria can be separated from contamination on the basis of colony counts from a freshly obtained midstream urine specimen (MSU), with 100000 colonies per ml of urine as the dividing line (Kass 1956 ). Two consecutive clean-voided specimens containing the same organism in numbers greater than 100000 colonies per ml of urine represents true bacteriuria, as does a single suprapubic aspiration with any bacterial growth (Norden & Kass 1968 , McFadyean et al. 1973 . A number of presumptive tests based on changes in chemical indicators are available but the dependability of these varies greatly (Mead & Gump 1976) .
Asymptomatic bacteriuria is a heterogeneous condition and several different techniques have been used to try to differentiate between upper and lower urinary tract bacteriuria (Lindheimer & Katz 1981b) . Ureteral catheterization, bladder washout tests, renal biopsy, urinary concentration tests, determination of serum antibody titres and identification of antibody-coated bacteria in the urine have all been tried but none is sufficiently precise to give complete confidence in localizing infections.
Clinical implications:
The reservoir of young women with asymptomatic bacteriuria acquired during childhood has been estimated at 5%, but only 1.2% are infected at anyone time (Kunin 1970) . The incidence increases after puberty coincident with sexual activity and varies from 2 to 10% depending on the techniques employed for testing and the socioeconomic status of the patients (Savage et al. 1967 , Norden & Kass 1968 .
In pregnancy, true asymptomatic bacteriuria is invariably diagnosed at the first antenatal visit and less than 1.5% subsequently acquire bacteriuria in late pregnancy. Up to 40% of the infected group will develop acute symptomatic urinary tract infection (Whalley 1967 , Williams et al. 1973 and treating this group will prevent approximately 60-70% of all cases of acute urinary tract infection. On the other hand, about 2% of those with negative cultures will develop acute infections. Thus of the 90-98% that do not have asymptomatic bacteriuria at the booking visit (and therefore will not be treated), the number actually at risk of developing an acute urinary tract infection is quite significant and accounts for about 30-40% of all cases of acute urinary tract infection in pregnancy. The available data suggest that the association of. asymptomatic bacteriuria and increased fetal loss, prematurity, preeclampsia and anaemia are unproven (Lindheimer & Katz 1981b) .
It has been suggested that some 30-40% of pregnant women with asymptomatic bacteriuria' may have upper urinary tract infection and these women may be a special population at greatest risk of pregnancy problems as well as acute urinary tract infection.
Even this assumption has been questioned (Gilstrap et al. 1981) , because there is no difference in pregnancy outcome in women with treated asymptomatic bacteriuria of renal origin (diagnosed by the antibody-coated bacteria technique, with a 20% false-positive rate) and those with treated bladder bacteriuria as well as non-infected control subjects. Furthermore, it has been argued that screening for asymptomatic bacteriuria is not justified because bacteriuric patients do not necessarily develop urinary tract infection and the majority of patients with infection do not have bacteriuria on routine screening (Lawson & Miller 1971 , J973, Swapp 1973 . It has been shown that the combination of bacteriuria in pregnancy and a history of urinary tract infection signifies the biggest risk of infection: in such women the likelihood of developing symptomatic urinary infection is ten times greater than in those with neither feature, and four times greater than in those with asymptomatic bacteriuria alone (Chng & Hall 1982) .
Treatment:
The choice of drug must be based on the sensitivity of the isolated organism(s), bearing in mind the pregnancy. As at least 60% of patients have bladder involvement alone, short-term therapy (2 weeks) should be satisfactory. Relapse is the recurrence of bacteriuria due to the same organism, usually within six weeks of the initial infection. Reinfection is the recurrence of bacteriuria involving a different strain of bacteria, after successful eradication of the initial infection, invariably limited to the bladder and occurring at least six weeks after therapy (Turck et al. 1968) . Approximately 25% of patients will have a recurrence during pregnancy and need a second course of treatment ( Figure 4 ). Of the patients who relapse or who are resistant to the first course of therapy, only about 40% will have the asymptomatic bacteriuria cleared with subsequent therapy. 
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Long-term considerations: As the interval between treatment of bacteriuria in pregnancy and postpartum follow up becomes longer, the influence of the initial course of treatment on the incidence of bacteriuria becomes less noticeable (Mead & Gump 1976) . Ten or more years after an initial episode of bacteriuria of pregnancy, the prevalence of bacteriuria in women not treated during pregnancy (25%) is virtually the same as in those women who were treated (29%). Women never bacteriuric during pregnancy have rates of bacteriuria of about 5%.
The use of postpartum intravenous urography (lVU) is controversial. About 20% of all patients with asymptomatic bacteriuria have IVU abnormalities, and this percentage is increased amongst patients with acute infections during pregnancy or with infections which are difficult to eradicate (Gower et al. 1968) . The significance of an IVU abnormality is not certain, however, as it may signify predisposition to infection, it may result from infection or it may be unrelated to infection (Briedahl et al. 1972) . In order to detect about 90% of those women in this group with major urinary tract abnormalities or to document a nonobstructed urinary tract, an IVU should be performed in women who have asymptomatic bacteriuria in pregnancy, with the following additional criteria: (a) difficulty in eradicating the bacteriuria in the pregnancy; (b) episode(s) of acute symptomatic urinary tract infection in the pregnancy; (c) history of acute infection(s) before the index pregnancy; (d) persistence/recurrence of asymptomatic bacteriuria or acute infection postpartum.
Acute symptomatic urinary tract infection
Acute pyelonephritis, the most common renal complication of pregnancy, occurs in 1-2% of all pregnancies. It has been inculpated as a cause of intrauterine growth retardation, congenital abnormalities and fetal death and it certainly causes premature labour (Brumfitt 1981 , Gilstrap et al. 1981 .
Dogmatic statements cannot be made regarding the type of antimicrobial therapy for acute urinary tract infection, and the appropriate duration of regimens is also debatable (Mead & Gump 1976) . Most favour treatment of 2-3 weeks. In patients showing clinical deterioration or whose urine cultures reveal bacteria resistant to the selected antibiotic, repeat urine cultures are mandatory and alternative antibiotic therapy should be considered. After the completion of the course of treatment, urine cultures should be taken at every antenatal visit for the rest of the pregnancy. Gram-negative sepsis can occur in severely ill patients with acute pyelonephritis and is invariably associated with instrumentation of the infected urinary tract. Regular assessment of renal function should be undertaken; although the infectious attack is said to have little effect on renal haemodynamics in non-pregnant patients, such attacks during pregnancy have been observed to cause transient but marked decrements in GFR (Whalley et al. 1975 ).
Urolithiasis and renal/ureteric colic in pregnancy
Urolithiasis during pregnancy has a prevalence of between 0.03-0.35%. The course of the disease is unaffected by pregnancy although urinary tract infections are more common in such patients (Coe et al. 1978 , Lattanzy & Cook 1980 . If nephrectomy has been performed because of nephrolithiasis, the remaining kidney may be infected and such patients should . have frequent urine cultures throughout pregnancy.
Renal and ureteric calculi are one of the most common causes of non-uterine-related abdominal pain severe enough to require hospitalization of pregnant patients (Folger 1955) . When there are complications suggesting the need for surgical intervention, then pregnancy should not be a deterrent to intravenous urography (Waltzer 1981) .
Conservative management of pregnant patients with ureteric calculi consists primarily of systemic analgesics and intravenous hydration (Strong et al. 1978) . Recently, Ready & Johnson (1981) have advocated the use of continuous segmental epidural block (TIl to L2), which has long since been applied in non-pregnant patients presenting with renal colic (Romagnoli & Batra 1973) and may even favourably influence spontaneous passage of the calculi. When the block is carefully confined to the relevant segments for pain relief, the patient can micturate without difficulty, can move about without assistance and is at lower risk for thromboembolic phenomena than those who are immobile in bed with pain, nausea, vomiting and drowsiness.
Haematuria during pregnancy
Spontaneous gross or microscopic haematuria can be due to a variety of causes (Texter et al. 1980) . Urinary tract infection, particularly associated with congenital anomalies, is difficult to eradicate and predisposes to haematuria.Rupture of small veins about the dilated renal pelvis may also cause bleeding. Rarely, spontaneous or traumatic rupture of the kidney can occur, usually where there are underlying anatomical abnormalities which can make the kidneys susceptible to minimal trauma. Very rarely, haematuria may be secondary to acute glomerulonephritis, primary neoplasm, metastatic neoplasms, haemangiomas, calculi or fungal diseases. Endometriosis, inflammatory bowel lesions, leukoplakia, amyloidosis and granulomas may involve the urinary tract and produce haematuria. The ureteral stump after a nephrectomy (for either benign or malignant disease) should not be forgotten. Investigation of haematuria might be deferred until after delivery, but the clinician should assess all the circumstances to decide whether or not it takes absolute priority. In the absence of any demonstrable cause, haematuria can be classified as idiopathic and recurrences are unlikely in the current or subsequent pregnancy (Reid et al. 1972) .
Acute hydronephrosis and hydroureter Very occasionally pregnancy can precipitate acute hydronephrosis or hydroureter. Obstruction may occur at varying levels at or above the pelvic brim. It has been suggested that due to the physiological changes of pregnancy an underlying compensated pelviureteric junction obstruction becomes decompensated, and hence symptomatic.
The condition should be suspected when there are recurrent episodes of loin or low abdominal pain radiating to the groin and repeat mid-stream urine specimens are sterile. Diagnosis can be confirmed using excretory urography or sonar scanning. If positioning the patient on the unaffected side (with antibiotic therapy if appropriate) fails to relieve the situation, then ureteral catheterization or nephrostomy may be required. TypicalIy, the pain is immediately relieved by ureteric catheterization and the urine can be sterile or infected (Schloss & Solomkin 1952) . Corrective surgery is best delayed until reassessment in the postpartum period (Meares 1978) .
Chronic renal disease and pregnancy Perspective In patients with renal disease, pathology may be both clinically and chemicalIy silent. Most individuals remain symptom-free until GFR falIs to less than 25% of its original level. Many plasma constituents are frequently normal until a late stage of the disease. As renal function declines, so does the ability to conceive and to sustain a viable pregnancy. Degrees of impairment that do not cause symptoms or appear to disrupt homeostasis in non-pregnant individuals can jeopardize pregnancy.
Despite these facts, conflicting views persist concerning the course of pregnancy in women with renal disease. This reflects the variability of populations studied and the lack of large prospective series where diagnosis was established by biopsy and the pathology correlated with fetal outcome. A recent collaborative study of women with a variety of renal diseases (all diagnosed by renal biopsy) and plasma creatinine levels ./ 150llmoljl has clarified the issue (Katz et al. , 1981 . Hypertension was present in 25%, but in half of them it antedated the pregnancy. The GFR, usually lower than in normal pregnant women, increased during pregnancy in most patients. Decreases did occur in some, but usually were reversed shortly after delivery. Increased proteinuria, often to the nephrotic range, was the most common renal effect of pregnancy in this series, perhaps reflecting the tendency for increased protein excretion seen in normal pregnancy. Perinatal mortality and the incidence of preterm delivery and intrauterine growth retardation (IUGR) were slightly higher than in healthy pregnancies, but in those women with minimal dysfunction 75% of the births were adequate for gestation age. Pre-pregnancy counselling: question of planning a pregnancy (Table 1) Normal pregnancy is rare when renal function is such that non-pregnant plasma creatinine and urea levels exceed 25011mol/l and 10 mmol/l, respectively, These increments above normal non-pregnant levels appear trivial, but they represent decrements in function of more than 50%. As a general rule pregnancies in women with underlying renal disease end successfully provided that renal dysfunction is minimal and hypertension is absent. If there is renal insufficiency prior to pregnancy then complications such as hypertension and sudden decrements in renal function occur more frequently. There is no evidence that pregnancy affects the natural history of kidney disease adversely, Antenatal counselling: question of continuing a pregnancy (Table 2) When the possibility of renal disease is raised for the first time during pregnancy, It IS essential to try and establish a diagnosis and a course of management. If a patient presents with hypertension, proteinuria and/or abnormal renal function, it is difficult to distinguish parenchymal renal disease from pre-eclampsia. A previous history of renal disorders, abnormal urine analysis, a family history of renal disease or a history of systemic illness known to involve the kidneys is obviously helpful, but in the last analysis parenchymal renal disease and pre-eclampsia may coexist. The assessment of the patient (Table 3 ) is similar to that of non-pregnant patients, but definitive diagnosis usually has to wait for further assessment postpartum. 
Antenatal management
As well as routine antenatal observations, special attention should be paid to the following (see Table 4 ):
Renal function: If renal function deteriorates at any stage of pregnancy, reversible causes should be sought (e.g. urinary tract infection, subtle dehydration or electrolyte imbalance, perhaps due to inadvertent diuretic therapy). Near term, a 15% decrement in function, which affects plasma creatinine minimally, is permissible. When proteinuria occurs and persists, but blood pressure is normal and renal function preserved, the pregnancy should be allowed to continue. j Blood pressure: Most of the specific risks of moderate hypertension appear to be mediated through superimposed pre-eclampsia (pregnancy-induced hypertension). There is still controversy about the incidence of pre-eclampsia in those women who have pre-existing renal disease, mainly because the diagnosis cannot be made with certainty on clinical grounds alone as hypertension and proteinuria may be manifestations of the underlying disease. Moderate hypertension (diastolic blood pressure «: 110 mmHg) need not be treated, but treatment of more severe hypertension is necessary for maternal wellbeing. It also permits the gestation to continue so that further fetal maturation occurs before delivery.
Fetal surveillance: Assessment of fetal wellbeing is important because renal disease is associated with intrauterine growth retardation (Felding 1969 , Strauch & Hayslett 1974 ) and when complications do arise the judicious moment for intervention is influenced by fetal status. All the current antenatal armamentarium should be utilized: ultrasound, antenatal fetal heart monitoring and amniotic fluid assessment of gestational age and/or fetal pulmonary maturity (Godfrey 1981) . Measurement of 24-hour total urinary oestriol excretion is misleading because the main urinary oestriol metabolite, oestriol-16-glucosiduronate, is removed by glomerular filtration and tubular excretion (Marwood et al. 1977) . '
Decisions regarding delivery:
If pregnancy proceeds satisfactorily it is probably advisable to induce' labour at 38 weeks because beyond this time there can be a greater risk of placental failure and intrauterine death. Furthermore, the fetus should be relatively free of risks if the expected date of delivery is correct. Delivery before 38 weeks may be necessary if renal function deteriorates markedly, if there are signs of impending intrauterine death, if uncontrollable hypertension supervenes, or if eclampsia occurs. Patients should be delivered where full facilities and personnel are available for fetal monitoring, operative delivery and neonatal resuscitation.
The kidney in pte-eclampsia Perspective Pre-eclampsia or pregnancy-induced hypertension is peculiar to pregnancy, usually presents after the 20th week of pregnancy and most frequently near term, and is characterized by Fisher et al. 1981) hypertension, proteinuria, oedema and at times coagulation abnormalities. The literature is confusing and controversial, largely due to the difficulty in distinguishing clinically between pre-eclampsia, essential hypertension, chronic renal disease and combinations of these separate entities. These diagnostic dilemmas are best illustrated where renal biopsy has been performed immediately after delivery in pregnancies complicated by hypertension (Chesley 1978, Lindheimer & Katz 198Ia,b) . Table 5 shows the pathological diagnosis from postpartum renal biopsy of 176 patients biopsied because pregnancy was complicated by hypertension, proteinuria and oedema; in most instances the clinical diagnosis had been preeclampsia (Fisher et al. 1981) . This diagnosis was wrong in 25% of primiparas and was wrong more often than not in multiparas. In addition, a surprisingly large number of patients had unsuspected parenchymal renal disease. Such information emphasizes the pitfalls inherent in interpreting reports where the diagnosis is based on clinical criteria alone.
Renal lesion of pre-eclampsia
In pre-eclampsia the characteristic morphological lesion is glomeruloendotheliosis (Fisher et al. 1981) . The glomeruli are large and swollen, but not hypercellular, due to swelling of the intracapillary cells (mainly endothelial but mesangial as well) which encroaches on the capillary lumina giving the appearance of a bloodless glomerulus. The lesion is considered by most, but not all, investigators to be virtually pathognomonic of the disease (Lindheimer & Katz 198Ia) .
Renal physiology and clinical implications
Both ERPF and GFR decrease in pre-eclampsia, but values often remain above nonpregnant values and the decrement may not be appreciated if the norms for pregnancy are not known. These decrements are moderate, but an occasional patient may progress to acute tubular necrosis, especially if treatment or intervention is neglected. Uric acid clearance decreases and renal reabs.orption increases in pre-eclampsia (Dunlop et al. 1978b) . These changes may occur earlier (sometimes weeks prior to any other signs or symptoms of the disease) and be more profound than the change in GFR. The increase in renal reabsorption is accompanied by increased serum uric acid levels, and the level of hyperuricaemia correlates directly with the decrement in plasma volume that occurs in preeclampsia, and indirectly with the plasma renin activity (Beaufils et al. 1981) . High 'urate levels (-> 350 umol/l) correlate with the severity of the pre-eclamptic lesion (Pollak & Nettles 1960) , as well as with poor fetal outcome (Redman et al. 1976, Lindheimer & Katz 198Ib) .
Abnormal proteinuria almost always accompanies pre-eclampsia and the diagnosis is suspect without this sign, even though glomerular endotheliosis has sometimes been described in the absence of increased protein excretion. Proteinuria may be minimal, moderate or severe (i.e. in the nephrotic range). The occurrence of nephrotic syndrome needs emphasizing, for in the past heavy proteinuria was said to be uncommon in preeclampsia and was considered indicative of a severe form of the disease. Pre-eclampsia is in fact the most common cause of nephrotic syndrome in pregnancy, and the severity of maternal disease is just the same in pre-eclamptic women with heavy proteinuria as those excreting less than 3.5 g/dl, although small but significant increases in fetal loss occur in women with severe proteinuria (Fisher et al. 1981) . First and colleagues (1978) had noted that pre-eclamptics with nephrotic syndrome had a dismal fetal outcome but, in contrast to Fisher et al. (1981) , most of their patients were multiparas.
Proteinuria in pre-eclampsia is nonselective, although the lesion is completely reversible (Lindheimer & Katz 1981b ). The increased protein excretion has been attributed to vasospasm as well as to the glomerular endotheliosis. The latter is supported by the observation that the magnitude of the proteinuria correlates with the severity of the structural lesion (Pollak & Nettles 1960) .
Pregnancy in renal transplant recipients Pregnancy is uncommon in women with renal insufficiency severe enough to require haemodialysis. However, the abnormal reproductive function and sexual disorders of these patients are usually reversed by transplantation (British Medical Journal 1982) , the resumption of regular menses and ovulation correlating closely with the level of function achieved by the graft (Merkatz et al. 1971) . Apparently one of every 50 women of childbearing age with a functioning renal transplant conceives (British Medical Journal 1976) , but this estimate may be low since many pregnancies go unreported. The number of pregnancies has increased markedly during the past decade and recent reviews have detailed the problems encountered (Davison & Lindheimer 1982a,b) : these are surveyed below.
In the 759 pregnancies analysed, the mean time between the date of transplantation and the onset of pregnancy was 43 months (range 6 weeks to 13 years), with four of every five of the pregnancies occurring in women who had received cadaver kidneys. In some instances pregnancy was not diagnosed until the second or even the third trimester, and many patients were under the impression that they could not conceive.
Counselling of renal transplant recipients
All women should be routinely advised about contraception and couples who want a child should be encouraged to discuss all the implications. Whether or not a woman should be advised against pregnancy should be decided on the basis of strict guidelines (Davison et al. 1976) . The choice of contraception depends on balancing the risks of a specific method against the need to prevent pregnancy in any particular patient.
Abortion and early pregnancy problems
Therapeutic abortion ended 28% of pregnancies. Where given, the reasons included unplanned pregnancy, psychosocial problems, uncertainty of maternal long-term survival, unstable renal function prior to pregnancy, deteriorating renal function and/or severe hypertension during pregnancy, and hereditary renal disease. Spontaneous abortion occurred in 14%, about the same as for the normal pregnant population. Thus over 40% of all conceptions did not go beyond the first trimester. However, 90% of pregnancies which continued past the initial trimester ended successfully.
The diagnosis of ectopic pregnancy can be difficult in these patients because irregular bleeding and amenorrhoea may be associated with deteriorating renal function as well as with an intrauterine pregnancy. Transplant patients might be at slightly higher risk of ectopic pregnancy because of pelvic adhesions due to previous urological surgery, peritoneal dialysis, pelvic inflammatory disease or the overzealous use of intrauterine contraceptive devices. The main clinical pitfall is that symptoms secondary to genuine pelvic pathology are erroneously attributed to the transplant because of its location near the pelvis (Scott et al. 1979) .
Management of pregnancy
.If a female recipient becomes pregnant, she must be monitored as a high-risk patient (Table 6 ). Management requires attention to blood pressure control, renal function, bone disease, anaemia and urinary tract infection (Penn et al. 1980 , Verco & Hawkins 1982 . Meticulous assessment of fetal growth is needed and is best performed by serial ultrasound assessment. Urinary hormone excretion tests are of no value (Sheriff et al. 1978 , Coulam et al. 1982b ) and where there is evidence of intrauterine growth retardation the possibility of congenital cytomegalovirus infection should be considered (Evans et al. 1975 ).
Allograft function: The increase in GFR characteristic of early pregnancy is also evident in transplant recipients even though the allograft is ectopic, denervated, possibly from an old donor, potentially damaged by previous ischaemia and immunologically different from both recipient and her fetus (Davison et al. 1976 , Coulam et al. 1982a . The better the renal function before pregnancy, the more satisfactory the obstetrical outcome. Permanent impairment of renal function is occasionally seen, especially where renal function is already compromised prior to conception. There may be transient reduction in GFR during the third trimester (Merkatz et al. 1971) , just as occurs in normal pregnancy , which does not represent a deteriorating situation with permanent impairment (Figure 5 ). Proteinuria occurs near term in about 40% of patients but disappears postpartum.
Pre-eclampsia: Pre-eclampsia has been diagnosed clinically in 30% of the pregnancies of transplant recipients. This incidence appears high. It should be noted that most cases were not confirmed morphologically, and biopsy studies in women with renal parenchymal disease have shown that the clinical diagnosis of superimposed pre-eclampsia can be wrong in about 50/ 0 of cases . Furthermore, although many of the hypertensive syndromes occurring in pregnant renal transplant recipients are quite severe, there is only one report of a woman in whom there was rapid progress to eclampsia (Williams & Jelen 1979) . Serum uric acid levels and urinary protein excretion are not useful markers for either the onset or severity of pre-eclampsia in transplant recipients. Both indices can be substantially above the norm at any stage of gestation in otherwise uncomplicated pregnancies.
Allograft rejection: It has been reported that serious rejection occurs in 9/;" of women with pregnancies lasting into the third trimester (Rudolph et al. 1979) . While this incidence of rejection is no greater than expected for non-pregnant transplant patients, it could be considered unusual because it has always been assumed that the privileged immunological state of pregnancy would benefit the transplant. Furthermore, there are reports of reduction or cessation of immunosuppressive therapy during pregnancy without rejection episodes (Kaufman et al. 1967 , Rifle & Traeger 1975 . Any effect pregnancy will bring is unpredictable, and is not related to prior rejection episodes, the transplant-pregnancy time interval, problems in previous pregnancies or HLA types (Guttmann 1979) . Rejection can be difficult to diagnose but should be suspected when certain clinical signs are present -fever, oliguria, hypertension and deteriorating renal function, often associated with renal enlargement and tenderness. However, without biopsy confirmation, rejection cannot be distinguished from acute pyelonephritis, recurrent glomerulopathy and possibly severe preeclampsia. The presence of pregnancy does not preclude the biopsy procedure, which should be undertaken before embarking upon anti-rejection therapy.
Delivery: Usually the transplanted kidney does not produce any mechanical dystocia during labour. During vaginal delivery there is no apparent mechanical injury to the transplanted kidney. Caesarean section is usually only necessary for purely obstetrical reasons. Augmentation of steroids is necessary to cover delivery.
Neonatal problems
There is some hazard to the neonate (Table 7) . Preterm delivery occurs in 45-60%. and intrauterine growth retardation in at least 20%. One or more complications occur in about 35%, including respiratory distress syndrome, leucopenia, thrombocytopenia, adrenocortical insufficiency and infection. There are no predominant or frequent developmental abnormalities. Any child exposed to immunosuppressive therapy should have a careful evaluation of the immune system and long-term follow up. It is likely that children born to renal transplant mothers who are carriers of HBsAg (during or after pregnancy) become antigen carriers themselves (Rasmussen et al. 1981) .
Pregnancy in dialysis patients
It is over ten years since the first documentation of conception and successful delivery in a patient on long-term haemodialysis (Confortini et al. 1971) . Since then further reports and registry data have been published (Registration Committee of EDTA 1980 , Kobayashi et al. 1981 , Davison et al. 1982 . There are no reports of pregnancies in patients on the relatively new continuous ambulatory peritoneal dialysis (CAPO). Any optimism must be tempered by remembering that clinicians are reluctant to publish their failures and consequently the true incidence of unsuccessful pregnancies and their complications and sequelae in women on haemodialysis is unknown. There is no doubt that the high surgical abortion rate in these patients indicates that those who become pregnant do so accidentally, probably because they are unaware that pregnancy is a possibility.
Counselling ofdialysis patients
Despite irregular or absent menstruation (Lim et al. 1980) , decreased libido and potency, and impaired fertility, women on haemodialysis should always use contraception if they wish to avoid pregnancy (Soffer 1980 , British Medical Journal 1982 . There are substantial .arguments against pregnancy and these should be pointed out, not least the risks to the patient and the greatly reduced likelihood of successful outcome.
Early diagnosis of pregnancy can be difficult. Irregular menstruation is common and a missed period will usually be ignored (Emmanouel et al. 1980) . The main error any clinician can make is not even to consider the possibility of pregnancy. As urine pregnancy tests are unreliable (Hogan & Price 1967) , even if there is any urine available, then early diagnosis of pregnancy and estimation of gestational age is best accomplished by sonar.
Management of pregnancy
Suffice it to say that for a successful outcome scrupulous attention must be paid to blood pressure control, fluid balance, provision of good nutrition, treatment of anaemia and increased hours and frequency of dialysis. What has been said about fetal surveillance in relation to chronic renal disease and transplant patients applies here. Caesarean section should only be necessary for purely obstetrical reasons, although it could be argued that an elective caesarean section in all cases might minimize the potential problems of labour. As increasing anaemia is always a problem, blood transfusion may be needed especially before delivery for safe obstetric management (Rigenbach et al. 1978) . Preterm labour is generally the rule and the use of caesarean section in these circumstances needs careful consideration.
Acute renal failure
As a clinical diagnosis, the term 'acute renal failure' only describes the functional state of the kidneys without distinguishing between the different underlying pathologies (i.e. prerenal failure or vasomotor nephropathy, acute tubular necrosis and acute cortical necrosis). Usually acute renal failure occurs in women with previously healthy kidneys but it can complicate the course of patients with pre-existing renal disease.
Background and perspective
Twenty years ago the incidence of acute renal failure in pregnancy was about 0.02-0.05% (Kerr & Elliott 1963) and contributed 20% of the cases reported in a large series of acute renal failure (Kleinknecht & Ganeval 1965) . At that time acute renal failure was a substantial cause of maternal mortality, with 20% of women with this complication dying (Smith et al. 1968) .
Recently, significant declines in cases of acute renal failure related to obstetrics have occurred. This is largely because of liberalization of abortion laws and improvements in perinatal care, thus avoiding such complications as sepsis, hypovolaemia, severe haemorrhage and eclampsia (Hawkins et al. 1975) . The current incidence is probably less than 0.01%, but still has the classical bimodal distribution corresponding to septic abortion in early pregnancy and pre-eclampsia/eclampsia and bleeding problems in the third trimester (Lindheimer et al. 1982) . In contrast to the situation in Europe and the USA, there are still parts of the world where the incidence of severe acute obstetric renal failure remains high. In one unit in Northern India, of 325 patients admitted in acute renal failure the cause was related to pregnancy in 22%, with 55% of these women dying (Chugh et al. 1976) .
By far the majority of obstetric patients with acute renal failure have acute tubular necrosis. In contradistinction to the aetiologic breakdown in non-pregnant populations, however, a substantial number of cases are due to acute cortical necrosis. Such cases are apt to occur late in pregnancy and seem to be frequently associated with pre-eclampsia and abruptio placentae. The reasons why pregnant women are so susceptible to acute cortical necrosis, its relationship to coagulopathy, and the management of acute renal failure are discussed in detail by Lindheimer et af. (1982) . While necrosis may involve the entire renal cortex, causing irreversible anuria, it is usually the 'patchy' variety that occurs more often in pregnancy. This is characterized by an initial period of severe oliguria followed by a variable return of function and then a stable period of moderate renal insufficiency (Grunfeld et al. 1980) . Years later, for reasons still obscure, renal function again decreases, often approaching terminal renal failure (Kleinknecht et al. 1973). Acute renal failure specific to pregnancy There are two rare forms of acute renal failure peculiar to obstetric practice (Sun et al. 1975 , Williams 1977 , Lindheimer et al. 1982 . One form, acute fatty liver of pregnancy (also called obstetric pseudo-acute yellow atrophy), is characterized by jaundice and severe hepatic dysfunction and occurs in late pregnancy or the early postpartum period. The renal failure appears to be due to haemodynamic factors, as in the hepatorenal syndrome, but some cases have been associated with intravascular coagulation. Recently, reversible urea cycle enzyme abnormalities resembling those seen in Reye's syndrome have been described (Weber et al. 1979) . Mortality is high with death resulting primarily from hepatic rather than renal failure.
The second form of renal failure peculiar to pregnancy is known by various names, including idiopathic postpartum renal failure or haemolytic uraemic syndrome. The patient usually has an uncomplicated pregnancy and delivery, but three to six weeks later she develops severe hypertension and uraemia, often accompanied by microangiopathic haemolytic anaemia (Segonds et al. 1979) . The pathophysiology and the theories of management have been discussed elsewhere (Remuzzi et al. 1979 , Webster et al. 1980 , Lindheimer et al. 1982 ), but to date most women have died and those who have survived had markedly reduced renal function.
